The aim of this study was to carry out preliminary investigations on the in vitro fermentation selectivity of copra meal hydrolysate (CMH) by chicken gut microbiota. The ileum and cecum contents from three 35-day-old birds were used as inocula. Yeast mannooligosaccharide (yeast-MOS) or α-mannan was selected as a positive control. Batch culture fermentation with fecal bacteria was performed at 42 °C for 24 h in an anaerobic chamber. Samples were collected at 0, 6, 12, 18 and 24 h of fermentation and evaluated using real-time PCR and short-chain fatty acid (SCFA) analysis. Results showed that the medium containing ileum and both CMH and yeast-MOS substrates led to an increase in the growth of the dominant groups as Lactobacillus, Enterobacteriaceae and Enterococcus spp. compared with 0-h fermentation. Campylobacter spp. and Bifidobacterium spp. were not detected in any samples. A significant decrease in Acinetobacter was observed in all substrates tested after 6 h of fermentation (P < 0.05). Only the sample from CMH fermentation showed a significantly greater reduction in the population of Pseudomonas after 18-h fermentation with ileum content (P < 0.05). Propionate was the main fermentation product found in both ileum and cecum fermentation followed by lactate and acetate. CMH can be utilized by ileum and cecum microbial of chickens, and CMH has a generally desirable effect on the microbiota. CMH has the potential for use as a supplementary diet with similar or improved benefits and lower costs compared to commercial prebiotics. Further experiments in animal trials would seem to be justified.
Introduction
Microflora in the gastrointestinal tracts of chickens plays an important role in health and growth performance (Wielen et al. 2002; Yeoman et al. 2012) . Major factors that influence microbial populations are the diet and age of the birds (Barnes 1972) . Nutrient absorption occurs in the final section of the small intestine (ileum) and the cecum which is an important site of bacteria fermentation (Józefiak et al. 2004; Gong et al. 2007 ). The microbial community structure of the cecum is more complex than in the crop and small intestine (Rinttilä and Apajalahti 2013) . However, many reports concluded that only 10-60% of bacteria in the cecum were detected by anaerobic culture (Barnes 1972 (Barnes , 1977 Lee et al. 2002; Zhu et al. 2002; Lu et al. 2003; Józefiak et al. 2004) . Therefore, this work monitored chicken gut microbiota by using group-specific 16S rRNA genes in the intestinal by real-time PCR which has higher accuracy and more sensitive result.
Many researchers have established prebiotics for animal feed supplementation, including mannooligosaccharides (MOSs) from the cell wall of Saccharomyces cerevisiae. The yeast mannan or yeast-MOS is α-linked branched oligosaccharides, which consist of a series of oligosaccharides containing α-(1,2)-and α-(1,3)-linked side chains attached to an α-(1,6)-linked backbone (Jones and Ballou 1969a; Spring et al. 2015) . MOSs from yeast cell walls are widely applied as an animal feed additive in poultry production. Yeast-MOS has also been shown to improve growth performance and increase the intestinal immunoglobulin secretion of broiler chickens (Iji et al. 2001; Hooge and Connolly 2011) .
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Aside from yeast cell walls, MOSs can also be extracted from plant cell wall such as copra meal (Titapoka et al. 2008; Ghosh et al. 2015; Pangsri et al. 2015a, b) . Copra meal, or coconut residual cake, is the dried meal that remains as the main by-product after coconut milk extraction. β-mannan from coconut residual cake was classified as non-cell wall NSPs (non-starch polysaccharides) by Niba et al. (2009) . Saittagaroon et al. (1983) reported the percentage proximate composition of copra meal on a dry weight basis as follows: carbohydrate 43-45%, crude protein 19-20%, crude fat 10-11% and crude fiber 12%. The NSPs of copra meal exists as mannan 26%, galactomannan 61% and cellulose 13% (Balasubramaniam 1976) . With high galactomannan content, copra meal is a potential source for MOSs production. The galactomannan in copra meal is composed of repeating β-(1,4)-mannose units and a few α-(1,6)-galactose units attached to a β-(1,4)-mannose backbone (Hossain et al. 1996; Ghosh et al. 2015) .
However, copra meal cannot be utilized by monogastric animals and humans because the high level of mannan makes it resistant against the digestive enzymes in the gastrointestinal tract. Phothichitto et al. (2006) isolated Bacillus circulans NT 6.7 which showed a high mannanase activity (0.306 units/mL). The copra meal hydrolysate (CMH) was obtained by hydrolyzing defatted copra meal with β-mannanase enzyme from Bacillus circulans NT 6.7. CMH was assessed in a pure culture of twelve strains of intestinal bacteria and five strains of pathogenic bacteria. The results showed that this material promoted the growth of Lactobacillus group as effectively as commercial MOSs and CMH did not support the growth of harmful bacteria such as Shigella dysenteriae DMST 1511, Staphylococcus aureus TISTR 029 and Salmonella enterica serovar Enteritidis DMST 17368 (Pangsri et al. 2015a ). This study investigated the mixed culture fermentation properties of CMH, using ileum and cecum contents obtained from mature chickens as sources of microbial inoculum. The effects of CMH and commercial yeast-MOS on microbial population in broiler intestines were determined using the real-time PCR technique.
Materials and methods

Animal care
The experimental procedure was approved by The Institutional Animal Care and Use Committee at Kasetsart University.
Animals and diets
A total of 30 newly hatched male broiler chicks of commercial strain (Arbor Acres Plus) were randomly allocated to three treatments with three replications in a randomized complete block design experiment, using ten chicks per experimental unit (Bangkok Animal Research Center Co., Ltd. (BARC), Thailand). All birds were fed a practical corn-soybean meal as the basal diet for each growing phase. The composition and calculated nutrient content of the basal diet for each growing phase are presented in Table 1 . The experiment was conducted in a close-sided house with tunnel ventilation and an evaporative cooling system using rice hull as bedding material. Each pen measured 1 × 1 m and was equipped with a self-feeder and three nipple water drinkers. Feed and water were provided ad libitum. Birds were maintained under lighting and management programs according to the Arbor Acres Plus broiler management manual. All birds were vaccinated for Newcastle and infectious bronchitis diseases at 7 days and Gumboro disease at 14 days of age. Intestinal sample collection Three 35-day-old birds (one bird from each pen) were randomly selected and were euthanized by decapitation, and ileum and ceca samples were collected. The gut samples were immediately stored in anaerobic boxes and preserved on ice until required for further analysis within 1-2 h post-collection.
Substrates
Two types of carbohydrate materials were used as the substrate in the in vitro fermentation study. CMH was prepared using 1.0% defatted copra meal in 20 units/mL crude mannanase enzyme following the method described by Pangsri et al. (2015a) . Yeast mannooligosaccharide (yeast-MOS) obtained from Alltech Inc., Thailand (Actigent™, Alltech Inc., Kentucky, USA) was used as the prebiotic reference. All supplements were added in Viande Levure (VL) medium (Lei et al. 2012) , and VL medium without supplement was used as a negative control.
In vitro fermentation
The effect of the substrates, CMH and yeast-MOS, on the microbial community and short-chain fatty acids (SCFAs) production was monitored using the inoculum from chicken ileum and cecal content samples. Both the ileum and cecal samples were diluted 1:10 (w/w) in anaerobic phosphatebuffered saline (PBS; 0.1 mol/L, pH 7.4) (Oxoid, Basingstoke, UK) and homogenized in a stomacher (Seward Stomacher 80, Seward, UK) at normal speed for 2 min and then used as an inoculum. The in vitro fermentations were set up in 100 mL serum bottles with rubber stoppers filled with 45 mL of VL sterile medium: 2.4 g/L beef extract, 5.0 g/L yeast extract, 2.5 g/L glucose, 10.0 g/L tryptose, 0.6 g/L l-cysteine hydrochloride, 5.0 g/L NaCl, 0.05 hemin, 10 µL vitamin K, 4 mL/L resazurin solution and 10 mL trace elements [modified from Lei et al. (2012) ]. The substrates were added to each part of the fermentation bottle. Final concentration of carbohydrate substrates added to each bottle was 1% (w/v) in 50 mL working volume (0.5 g). For the ileum fermentation bottles, the pH was adjusted between 6.18 and 6.50, while for cecum fermentation the pH was adjusted between 5.60 and 5.83 (Gabriel and Mallet 2006) . The mediums were flushed with oxygen-free nitrogen gas and then autoclaved at 121 °C for 15 min. All bottles were inoculated with 5 mL of the fresh slurry (1/10, w/w) using a 5-mL syringe needle to give a final concentration of 10% (w/v). The in vitro fermentations were incubated at 42 °C for 24 h in an anaerobic chamber (Bactron 300, Shel Lab, USA). Three milliliter samples were collected after 0, 6, 12, 18 and 24 h of fermentation for DNA extraction and enumeration of the major bacterial population by real-time PCR and short-chain fatty acid (SCFA) analysis. Fermentations were performed in triplicate, with each inoculated with one of the intestinal samples (ileum and cecum) from three different chickens.
Short-chain fatty acid analysis
The samples collected from the batch culture fermentation were centrifuged at 13,000×g for 5 min, and the supernatants were filtered using a 0.22-µm filter unit (Millipore, Cork, Ireland) . Twenty microliters were then injected into an HPLC system (Waters 1525 Binary HPLC, Milford Massachusetts, USA) equipped with a UV detector (Waters 2489 UV visible detector, Milford Massachusetts, USA). The column used was an ion-exclusion Aminex HPX-87H (300 × 7.80 mm; Bio-Rad, California, USA), maintained at 50 °C. The mobile phase was 5 mM H 2 SO 4 in HPLC-grade water, and the flow rate was 0.6 mL/min. Quantification of the samples was carried out using calibration curves of lactate, formate, acetate, propionate and butyrate at concentrations of 1.0, 10, 20, 40, 80 and 100 mM. 2-Ethyl butyric acid (Sigma-Aldrich, UK) at a final concentration of 20 mM was used as the internal standard.
DNA extraction
Genomic DNA was extracted from each sample using a combination of the bead-beating procedure as described by Sakamoto et al. (2011) with some modifications to lyse cells, and a QIAamp DNA Stool Mini Kit (Qiagen, Hilden, Germany) was used to purify the DNA. One milliliter of culture sample obtained from each bottle at each sampling time was centrifuged at 15,000 rpm for 5 min. The pellet was washed twice with 1 mL filtered sterilized PBS; 0.1 mol/L, pH 7.4 (Oxoid, Basingstoke, UK) and resuspended in 900 µL of PBS buffer. The sample solution was then transferred to 2-mL screwcapped tubes containing 0.3 g of sterile zirconium/silica beads (0.1 mm in diameter, Biospec Products Inc., Bartlesville, OK, USA) and 300 µL of phenol-chloroform-isoamyl alcohol (25:24:1). The mixture solutions were then lysed by shaking at 2700 rpm for 180 s using a minibead beater (Biospec Products Inc., Bartlesville, OK, USA). The extracted DNA was collected by centrifugation at 13,000 rpm for 5 min and purified using a QIAamp DNA Stool Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. Finally, the DNA pellet was resuspended in TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0) and DNA concentration was determined by a microphotometer NanoDrop 1000 (Nanodrop Technologies, Wilmington, DE, USA). The DNA samples were stored at − 20 °C and used as template DNA in real-time PCR analysis.
Real-time PCR analysis
Construction of standard DNA plasmids
The targeted groups and all specific primers sequences used are listed in The PCR products of Bacteroides fragilis ATCC 25285, Ruminococcus productus JGD 07421 and Clostridium perfringens ATCC 13124 were cloned into the TOPO-TA Cloning Kit (Invitrogen, Carlsbad, CA, USA) following the manufacturer's procedure (Nakphaichit et al. 2011) . The recombinant plasmids of Escherichia coli TISTR 527 were constructed following the method of La-ongkham et al. (2015) , and the recombinant plasmids of Faecalibacterium prausnitzii DSM 17677 were constructed following Ruengsomwong et al. (2014) .
The recombinant plasmids obtained were measured with a microphotometer NanoDrop 1000 (Nanodrop Technologies, Wilmington, DE, USA) and diluted by tenfold serial dilutions ranging from 10 9 to 10 2 copy number. The serial dilutions of Ent-R ACT CGT TGT ACT TCC CAT TGT recombinant plasmids of each bacteria group were generated in independent experiments and amplified by real-time PCR.
Real-time PCR amplification
PCR amplification and detection were performed using a LightCycler ® 480 real-time PCR system (Roche Applied Science, Mannheim, Germany). Each reaction mixture was performed with a final volume of 20 µL in a 96-well PCR plate, consisting of 10 µL of 2 × LightCycler ® 480 SYBR Green I Master Mix (Roche Applied Science, Mannheim, Germany), 2 µL of specific primer mix (5 µM each), 6 µL of PCR-grade water and 2 µL of DNA template (50-100 ng from each sample). Negative controls (where template DNA was replaced with PCR-grade water) and standards were run in duplicate. The amplification program consisted of one cycle of 95 °C for 5 min for initial denaturation followed by 45 cycles of denaturation at 95 °C for 10 s, primer-specific annealing temperature (Table 2) for 10 s and extension at 72 °C for 4-17 s (extension time was calculated by dividing the target amplicon size by 25 according to Roche's recommendation). A melting curve analysis was performed immediately after the amplification program to distinguish the correct amplified product. Resulting melting curves allowed discrimination between primer dimers and specific product. The specific product melted at a higher temperature than the primer dimers, and the melting curve Each unknown sample concentration was calculated based on the standard curve.
Data analysis
Statistical analysis was performed using SPSS for Windows (version 21.0; SPSS, Inc.). The differences between bacterial numbers and SCFA production at 0, 6, 12, 18 and 24 h of each substrate fermentation were checked for significance by paired t test. Univariate analysis of variance (ANOVA) and post hoc Tukey's tests were used to determine the significant differences of substrates used on bacterial group populations and SCFA production.
Results
Microbial composition of ileum fermentation
The average bacterial populations of substrate fermented using ileum digesta of broiler chickens as inocula are presented in Table 3 . Addition of both substrates in the media and the media without a substrate (negative control) led to an increase in the growth of bacterial populations after 6 h fermentation. The first, second and third dominant groups were Enterobacteriaceae, Enterococcus spp. and Lactobacillus group, respectively. Lactobacillus group and Enterococcus spp. population showed the same overall trend for all substrates tested after 6 h fermentation. Enterobacteriaceae from CMH and yeast-MOS fermentation reached maximum population after 12 h and showed no significant decrease after 18 h of fermentation. No significant differences were detected in the Clostridium coccoides-Eubacterium rectale group, and Clostridium perfringens group, between CMH, yeast-MOS, and control group fermentation (P > 0.05). No Campylobacter spp. and Bifidobacterium spp. were detected in any samples from in vitro fermentation. A significant decrease in Acinetobacter was observed for all substrates tested after 6 h of fermentation (P < 0.05). In addition, only the sample from CMH fermentation showed a significantly greater reduced population of Pseudomonas after 18 h fermentation (P < 0.05).
SCFA production in ileum fermentation
SCFA concentrations during 24-h fermentation of CMH and yeast-MOS using ileum inocula were determined by HPLC (Table 4 ). All substrates were fermentable. The major end products of fermentation at all time points were propionate, followed by lactate and acetate, whereas formate was formed in small amounts. No butyrate was detectable in all substrates. Propionate production from the fermentation of CMH during 18 h was significantly higher than that obtained from 0 h (P < 0.01). High significant increases in lactate production were found after 12 h of CMH fermentation compared with 0 h (P < 0.01). The level of lactate showed a significant increase in fermentation in yeast-MOS and control after 6 h (P < 0.01) and a slight decrease in lactate production after 12-h fermentation. The highest concentration of acetate production was presented in CMH after 6-h fermentation, with significant changes in acetate concentration at 24 h (P < 0.05).
Microbial composition of cecum fermentation
There was a significant increase in Lactobacillus group and Enterococcus spp. in response to both substrates tested after 12, 18 and 24 h fermentation compared with 0 h (Table 5) . No significant differences were recorded in the specific bacteria groups (Bacteroides-Prevotella-Porphyromonas, Acinetobacter, Enterobacteriaceae, Faecalibacterium prausnitzii-Subdoligranulum variabile, Pseudomonas and Clostridium coccoides-Eubacterium rectale) between all substrates tested (P > 0.05). Pseudomonas populations at Values are expressed as means bacterial population ± standard deviations (n = 3) *, **Significant differences from the 0-h value (*P < 0.05; **P < 0.01) a, b, c Difference letters indicate significant differences between treatment at the same time point (a > b > c, P < 0.05) all time points were compared with 0 h; it was found that they remained stable. No Campylobacter spp. and Bifidobacterium spp. were detected in any samples from in vitro fermentation, and a significant decrease in Acinetobacter was observed in CMH and yeast-MOS fermentation after 6 h (P < 0.05). Table 6 shows the SCFA production results for CMH and yeast-MOS fermentation with cecal inocula. Propionate was the most prevalent SCFA produced in all substrates tested followed by lactate and acetate, while butyrate and formate occurred in lower amounts. All substrates tested showed similar trends of propionate concentrations, and no significant increase in propionate was observed at all time points compared with 0 h. Significant increases in lactate productions were shown by yeast-MOS and CMH fermentation after 6 h (P < 0.01). After 12 h, lactate production from CMH fermentation was at the highest level; meanwhile, yeast-MOS fermentation after 18 h showed a significant decrease in lactate level (P < 0.05), whereas no significant decrease in lactate was recorded for the CMH substrate. Acetate production from CMH fermentation was higher than yeast-MOS at all time points. Especially at 24 h, CMH fermentation presented the highest level.
SCFA production in cecum fermentation
Discussion
Microbial compositions of the in vitro fermentation of CMH and yeast-MOS using ileum and cecum contents as inocula were investigated. Microbial populations were enumerated by real-time PCR and concentrations of SCFAs were determined by HPLC. Culturable Clostridia were identified in both the ileum and cecum at all time points. Stutz and Lawton (1984) reported that Clostridium perfringens was detected in an ileum culture of 2-day-old chicks. The Clostridia group generated all major products including acetate, propionate, butyrate, lactate, ethanol, H 2 and CO 2 (Chaia and Oliver 2003) . Overall, our results indicated that propionate was the main SCFA produced in all substrates tested followed by lactate, acetate and formate. Similar overall SCFA production patterns were recorded in both ileum and cecum inocula. This may be due to Bacteroides, Clostridia and propionibacteria communities that present propionate production (Salminen et al. 1998) . CMH exerted the greatest effect on the Lactobacillus group and Enterococcus spp. after 12-h fermentation with cecum content. The Lactobacillus group and Enterococcus spp. were related to lactate production, whereas the concentration of lactate occurred in lower amounts. As mentioned in previous reports, each bacterial genus produced different types of the fermentation products; the fermentation products of some species are intermediate compounds to pathways of other bacteria species (Chaia and Oliver 2003; Hashizume et al. 2003) . In this study, increasing Lactobacillus/Enterococcus group after fermentation on all substrates tested did not induce the production of lactate. This was probably because lactate was employed by lactate-utilizing bacteria. These results were in agreement with Sarbini et al. (2011) , who observed the correlation of Bifidobacterium spp. and lactic acid bacteria with lactate levels after 10-h fermentation, with lactate showing a slight reduction beyond 10 h on all substrates. This may be because lactate was utilized by other bacteria, which then produced acetate, butyrate and propionate.
The increase in the Lactobacillus/Enterococcus group after 18-h fermentation with cecum content was greater with CMH than yeast-MOS and control, but there were no statistically significant differences between substrate groups. This result was consistent with CMH containing amounts of mannose in the form of 1,4-β-d-mannan or β-mannan Values are expressed as means SCFA concentration ± standard deviations (n = 3) *, **Significant differences from the 0-h value (*P < 0.05; **P < 0.01) a, b, c Difference letters indicate significant differences between treatment at the same time point (a > b > c, P < 0.05) Values are expressed as means bacterial population ± standard deviations (n = 3) *, **Significant differences from the 0-h value (*P < 0.05; **P < 0.01) a, b, c Difference letters indicate significant differences between treatment at the same time point (a > b > c, P < 0.05) (Ghosh et al. 2015; Pangsri et al. 2015a, b) . Yeast-MOS or α-mannan of the yeast cell wall from Saccharomyces cerevisiae [a series of oligosaccharides containing highly branched polysaccharides with α-(1-2)-and α-(1-3)-linked side chains attached to an α-(1-6)-linked backbone (Jones and Ballou 1969a, b) ] showed the lowest Lactobacillus/Enterococcus populations. This was probably because the Lactobacillus/ Enterococcus group could not utilize yeast-MOS with the same efficiency as the CMH. Interestingly, the Acinetobacter populations of in vitro fermentation of ileum and cecum contents incubated with both substrates, and also with the control group, showed a rapid decrease within 6 h of fermentation. Moreover, the Clostridium coccoides-Eubacterium rectale group and Clostridium perfringens group from commercial yeast-MOS presented a rapid decline. This result indicated the strong effect of the pathogen group, and the reason may be due to propionate, lactate and acetate on all substrates tested increasing at 6-h fermentation from 0 h. The reason for this is that bacterial fermentation lowers the pH, which in turn inhibits the growth of pathogenic bacterial species (Gibson 2004) .
Conclusion
This paper presents an initial report of the in vitro fermentation of CMH by chicken gut microbiota. CMH can be utilized by the ileum and the cecum microbial of chickens. CMH had a generally desirable effect on the microbiota, and further experiments involving animal testing are in progress. Yeast-MOS has been commercially used as a prebiotic, its mannan extraction from yeast cell wall is a complicated and costly procedure, while CMH was prepared from agricultural waste containing oligosaccharides, and mannan extracted by procedures from plant cell walls is less costly. Thus, CMH has the potential for use as a supplementary diet with similar or better benefits and lower costs compared to commercial prebiotics.
